Abstract: Climate, hydrology and vegetation are closely linked at local, regional and global scales. The recent land use and plant production systems are adapted to the present climatic conditions. Thus, studies on the influence of possible climate change scenarios on the water and heat regimes of the soil-plant-atmosphere system are important in order to work out plant production strategies, adjusted to changed conditions. In this study the effect of two possible climate change scenarios on the soil water regime of a Chernozem soil was estimated for a Hungarian site. Soil water content dynamics simulated for different conventional and soil conserving soil tillage systems were evaluated, using the SWAP soil water balance simulation model. The combined effect of different soil tillage systems and climate scenarios was analysed. Climate scenarios were represented through the cumulative probability function of the annual precipitation sum. The SWAP model was calibrated against the measured in the representative soil profiles soil water content data. The site-and soil-specific parameters were set and kept constant during the scenario studies. According to the simulation results, increase in the average growing season temperature showed increase in climate induced soil drought sensitivity. The evaluated soil water content dynamics indicated more variable and less predictable soil water regime compared to the present climate. It was found that appropriate soil tillage systems that are combined with mulching and ensure soil loosening could reliably decrease water losses from the soil. From this aspect cultivator treatment created the most favourable for the plants soil conditions. It was concluded that soil conserving soil management systems, adapted to local conditions could contribute to soil moisture conservation and could increase the amount of plant available water under changing climatic conditions.
The increase in atmospheric CO 2 , along with increase in other greenhouse gases, is believed to be changing the earth's energy balance (Haskett et al. 2000) . There has been recent confirmation of anthropogenic changes in earth's climate related to this increase (IPCC 2001 (IPCC , 2007 . Climate, hydrology and vegetation are closely linked at local, regional and global scales. Hence, climate and atmospheric composition are likely to have important effects on agriculture (Kovács & Dunkel 1997) . Consequently, studies on the influence of possible climate change scenarios on the water balance of a stand are important.
Simulation models that are able to integrate the influence and relationship of different factors (Flachner et al. 2004) play an important role in studying the effect of different climate and atmospheric gas composition change scenarios on soil water regime and crop development. These studies, however, are affected by uncertainties, caused by several factors like climate variability, long-term changes in soil storage capacity and soil fertility, etc. (Sirotenko et al. 1997) . It has been proved that water stress and drought are the most important limiting factors in crop productivity in the continental climate region under changed climatic conditions (Kovács & Dunkel 1997; Farkas et al. 2005) . Štekauerová et al. (2006) called attention towards the importance of hydrolimits in agricultural production under varying circumstances.
The natural conditions in Hungary are generally favourable for rainfed biomass production. These conditions, however, show extremely high spatial and temporal variability and give sensitive reactions to various natural or human-induced stresses (Láng et al. 1983; Csete & Várallyay 2004) . The agro-ecological potential is mainly limited by three soil factors: soil degradation processes (Szabolcs & Várallyay 1978; Várallyay 2000) , extreme moisture regime (Várallyay 2004a) and unfavourable changes in the biogeochemical cycles of elements, especially of plant nutrients and environmental pollutants (Láng et al. 1983) .
Considering the most relevant climate change scenarios for the Carpathian Basin, it can be stated, that in Hungary most probably water will be the determining (hopefully not limiting) factor of food security and environmental safety in the future. Consequently, the increase in water use efficiency will be one of the key issues of agricultural production, rural development and environment protection and the control of soil moisture regime will be an imperative task without any other alternatives (Várallyay 2004b (Várallyay , 2005 . This calls attention towards further evaluation and spreading of sustainable, soil and moisture conserving soil management and land use systems that support elimination or moderation of extreme moisture situations. The reduction of risks and increase of yield stability is of primary importance and consists of three main elements: maintenance of water infiltration in the soil; increase of soil water storage in plant available form and drainage of the surplus amount of water from the soil profile and from the area (vertical and horizontal drainage). From this respect, it is very important to understand the combined effect of different soil management practices (Kroulík et al. 2007 ) and climate scenarios on hydraulic properties and soil water regime.
The objective of the current study was to quantify the impact of two recent climate change scenarios on the soil water balance and soil water content dynamics of a Chernozem soil of a Hungarian site under various soil management systems.
MATERIAL AND METHODS

Experimental site
The investigation was carried out in the longterm soil tillage experiment of the Szent István University, established in 2002 (Birkás & Gyuricza 2004a) . The Józsefmajor Experimental Station (altitude 110 m, latitude: 47°40' N, longitude 19°40' E) is located nearby Hatvan, Hungar y, 60 km north-east from Budapest on the northern edge of the Carpathian basin. The year average temperature is 7.9°C, the annual and growing season precipitation amounts are 580 and 323 mm on average, respectively. The prevailing soil type is Calcic Chernozem, developed on loam and is moderately sensitive to soil compaction. The soil has a slightly acidic reaction (pH H 2 O is 6.38 and pH KCl is 5.43); the sand, silt and clay contents of the upper 20 cm layer are 23%, 42% and 35%, respectively. The organic matter content is 3.2% and 2.5%; the total N, P 2 O 5 and K 2 O contents of the 0-20 and 20-40 cm layers are 0.13 and 0.082%; 270 and 214 ppm and 110 and 85 ppm, correspondingly. The experiment was set up on 13 × 150 m experimental plots with four replicates in a split-plot design. The tillage variants comprised mouldboard ploughing (P, 26-30 
Soil sampling, analyses and monitoring
In April 2003, disturbed samples and undisturbed soil cores of 100-cm 3 volume were collected from each tillage treatment in 3 replicates. Samples were taken from the layers of 0 to 5, 5 to 10, 15 to 20 and 45 to 50 cm, representing the soil surface, the cultivated layer, the pan and the non-tilled layers, respectively. Samples were wetted from bellow and further drained to water suctions, h, of 1, 2.5, 10, 32, 100 and 200 hPa using the hanging water column method (Várallyay 1973) and to 500, 2500 and 15850 hPa by the osmotic method (Várallyay 1973) . The field capacity and the wilting point were defined as the water content, corresponding to water suctions of 100 and 15850 hPa, respectively. The residual water contents were estimated by fitting the van Genuchten analytical expression (van Genuchten 1980) to the measured soil water retention data, as described below. The water contents were then measured gravimetrically by drying the samples at 105°C until no changes in their weight was observed. Bulk density was calculated from dry soil weights (105°C, 48 h) and the volume of undisturbed samples. Soil texture was determined, using the pipette method. The method, suggested by Wösten et al. (1995) was used to estimate the saturated hydraulic conductivity of the soil matrix (Tóth et al. 2006) . The main soil properties, determined for three different soil tillage systems are given in Table 1 .
In each tillage treatment, 3T-System type capacitive probes (Szőllősi 2003) were installed up to 80 cm depth with 10 cm increment to ensure continuous measurement of soil temperature and soil water content. Measurements were performed four times a day from May 13 until September 11, 2003. Daily average values were used for the evaluation. Basic crop properties (sowing and harvesting dates, rooting depth, plant height) were monitored and recorded during the vegetation period.
Adaptation of the SWAP model to the study area
The SWAP model (Van Dam 2000) simulates the water flow in the unsaturated zone in relation to plant growth for the entire growing season. The model input data consists of meteorological, crop and soil data as well as initial and boundary conditions. The soil hydrophysical functions are introduced by the analytical expressions of van Genuchten and Mualem (van Genuchten 1980) . The RETC computer program (van Genuchten 1980) was applied to quantify these parameters from the experimental data on soil water retention characteristics and saturated hydraulic conductivity. The analytical parameters of the soil hydraulic functions, fitted to the soil hydrophysical data are given in Table 2 . The SWAP simulation model was parameterised, using soil and plant data, collected from the experimental sites (Farkas 2007) . The simple crop subroutine of the model was applied for maize. Meteorological input data were set according to air temperature, wind speed, solar radiation, air 
Climate scenarios
In this study, two climate change scenarios, representing the IPCC SRES A2 and B2 scenarios for the period of 2071-2100 were used to evaluate their effect on soil water regime as compared to the present (reference -1961-1990) climate. The A2 storyline and scenario family (Nakicenovic & Swart 2000; IPCC 2007) describes a very heterogeneous world. The underlying theme is self-reliance and preservation of local identities. Fertility patterns across regions converge very slowly, which results in high population growth. Economic development is primarily regionally oriented and per capita economic growth and technological changes are more fragmented and slower than in other storylines. The B2 storyline and scenario family describes a world in which the emphasis is on local solutions to economic, social, and environmental sustainability. It is a world with moderate population growth, intermediate levels of economic development, and less rapid and more diverse technological change than in the A1 storylines (Nakicenovic & Swart 2000; IPCC 2007) . While the scenario is also oriented toward environmental protection and social equity, it focuses on local and regional levels.
In this study, the reference climate data and the climate scenarios consisted of downscaled from Hadley Centre model outputs to the nearest big city (Miskolc) (Bartholy et al. 2007 ) data on minimum, maximum and annual mean air temperature as well as precipitation for 30 years in daily resolution. Variability of meteorological properties within the reference period and the scenarios were represented by 3-3 selected years, corresponding to the main points (min, max and 50%) of the cumulative probability function of the yearly precipitation sum. Impact studies were performed for the selected 3 years by running the SWAP model with the reference and downscaled scenario weather data, using the previously calibrated model parameters. The soil and crop input data remained unchanged.
RESULTS AND DISCUSSION
Previous studies related to the Hatvan long-term tillage experiments proofed, that the soil hydraulic properties vary significantly among the tillage systems (Farkas 2004 (Farkas , 2007 . The seasonal variability of these soil properties has also been proofed (Farkas 2004 (Farkas , 2007 . Based on these results, the calibration of the SWAP simulation model to the study area was performed, considering the seasonal variability of soil hydraulic properties (Farkas 2004; Farkas & Majerčák 2007) . Measured and simulated for the three different soil tillage systems soil water content profiles for four chosen dates are given in Figure 1 . The shape of the soil water content profiles measured in different treatments (Figure 1 ) differed significantly in the cultivated topsoil layer. Standard errors of the model estimates in terms of average soil water contents for chosen layers (Θ, m 3 /m 3 ) and total soil water of the 0-80 cm layer (TSW, mm) are presented in Table 3 . The best fitting was obtained for the direct drilling (NT) system, where the smallest soil disturbance occurred. In general, good agreement between the measured and simulated TSW values was achieved, which indicates, that the soil water balance elements (evaporation, transpiration, leaching etc.) of the soil profiles could be simulated with reasonable precision. However, it was found, that the redistribution of water within the soil profile could not be described accurately for the whole simulation period. The reason for that could be the unsuitable characterisation of the hydrophysical characteristics in the deeper soil layers, especially of the saturated hydraulic conductivity values. This indicates that the vertical sampling resolution of the soil profile should be further refined and adjusted to the depth of the applied soil tillage system.
The main meteorological characteristics of the selected years, corresponding to the main relative frequencies (RF; 0.0, 0.5 and 1.0) of the cumulative Original Scientific Papers Soil & Water Res., 3, 2008 (Special Issue 1) : S58-S67 probability functions of yearly precipitation sum (ΣP, mm) and annual mean temperature (T) of the reference period and two climate change scenarios are given in Table 4 . The A2 and B2 scenarios did not differ significantly with respect to the mean annual sum of precipitation. Both the scenarios indicated much drier climate for the study area in the end of the century with average decrease in ΣP of about 70 mm. According to A2 and B2 scenarios, the annual mean temperature would increase by 5°C and 4°C, respectively. However, while the A2 scenario just indicated shifting of the cumulative probability functions of ΣP and T with respect of the axes towards more dry and warm climate, the B2 scenario also predicted increase in variation of climatic factors, which referred to increased occurrence of extremes. Figure 3 demonstrates the soil water content dynamics, simulated for the NT, P and K2 treatments for an extremely dry (1988) and an average (1990) year of the reference period corresponding to the present climate. Valuable differences between the soil water regimes of the three soil management systems could be observed. These differences in simulation results were indicated by soil tillage induced changes in soil hydraulic Θ SIM -mean of the simulated soil water contents; Θ MEAS -mean of the measured soil water contents; SE -standard error; TSW SIM -total soil water, simulated for the upper 80 cm of the soil profile; TSW MEAS -total soil water, measured in the upper 80 cm of the soil profile; NT -direct drilling; P -ploughing; K2 -cultivator treatment Depth (cm) treatment (P), the effect of plough pan could clearly be detected. This compacted layer constrained the infiltration of water in the deeper soil layers, which could lead to increased evaporation losses and extremely dry soil conditions during the summer period. Concerning the cultivator treatment (K2), precipitation water could penetrate in the soil until the beginning of summer, increasing the soil water storage below the tillage depth, and raising Table 4 . Mean values, coefficients of variation (Cv) and representative values of annual mean temperature (T) and precipitation sum (ΣP) derived from the cumulative probability functions used for the simulation experiments properties. Soil water content values, measured by the capacitive soil moisture probes installed in different soil management systems showed similar differences in soil water regimes (Figure 2 ), which verified, that the model outputs were trustworthy. According to the simulation results, the most even distribution of water within the soil profile occurred in the NT system, which remained dry during the vegetation period. In the ploughing Original Scientific Papers Soil & Water Res., 3, 2008 (Special Issue 1): S58-S67 the amount of plant available water during the dry summer periods.
Comparing the soil water regimes, simulated for the two different years of the reference period, a huge variation in both, soil water content values and length of extremely dry periods could be observed in all the tillage systems.
The estimated variation in soil water contents of the K2 tillage system for years that correspond to different relative frequencies (RF) is given in Figure 4 . Considerable differences between the soil water regimes, corresponding to various probability levels of different scenarios were found. According to the modelling results, longer and more harmful dry periods compared to the present conditions could be expected by the end of this century. In case of average years of the A2 and B2 scenarios, precipitation water could not penetrate below the 0.2 m soil layer and the subsoil remained dry during the majority of the study period. This calls further attention towards soil conserving soil management systems that contribute to the infiltration of autumn and winter precipitation to deeper soil layers and maintain soil water retention and storage until the dry summer periods.
Evaluating the soil moisture content distribution of REF, A2 and B2 cases for years with relative frequency values (RF) close to 1.0 ( Figure 4 , the lower 3 pictures) it was found, that the uneven distribution of precipitation and the higher air temperature values could not be compensated neither with higher amount of water, reaching the soil surface nor with soil water conserving tillage systems. Thus, the annual precipitation (ΣP) for the RF = 1.0 case of the reference period (583 mm) was less, than for the B2 scenario (597 mm) but the soil water regimes of the two years were dissimilar. The dry period was much longer in the case of B2 scenario, because of less frequent but more intensive rainfalls in springtime and absence of rainy periods during the summer and autumn periods.
For all the three periods studied (REF, A2 and B2), the soil water regime of the NT treatment was found to be more equilibrated, compared to the K2 and P ones (Table 5) . Hence, precipitation water could penetrate to deeper layers in all the cases, causing a wilder wetting front with somewhat less soil water content in average. In the NT treatment, the soil did not dry out that much as in the P and K2 treatments. However, the wilting point in the NT treatment (0.20 m 3 /m 3 ) was higher, than in the other two soil management systems (Table 1) , so this higher water content could occur because the plant could not extract it. This indicates that the water use efficiency of the corps was most probably better in the P and K2 treatments. The soil water regime of ploughed plots, however, reflected the harmful effect of existing plough pan. This thin compacted layer limited the penetration of water below the 0.2 m layer causing extremely moist and dry soil conditions during rainy and dry periods, respectively. Therefore, the evaporation losses in the P treatment were most probably higher compared to the K2 treatment.
CONCLUSIONS
According to the climate change scenarios studied in this paper, more dry and warm climate compared to the present one could be expected by the end of the century for the Carpathian Basin. The simulation results, accomplished using soil hydrophysical data from three soil management systems of a long-term tillage experiment indicated that appropriate soil tillage systems that are combined with mulching and ensure soil loosening could reliably decrease water losses from the soil. From this aspect the cultivator treatments created the most favourable for the plants soil conditions. We concluded that soil conserving soil management systems, adapted to local conditions could increase soil moisture conservation and the amount of plant available water under changing climatic conditions. 
